Mathematics is well known as a subject area where there can be problems in terms of understanding as well as retaining positive attitudes. In a large study involving 813 school students (ages approximately 10-12) drawn from two different school systems in Pakistan, the effect of limited working memory capacity on performance in mathematics was explored along with a survey of areas of difficulty and student attitudes. This involved looking at student perceptions of their experiences, the nature of the difficulties they have with mathematics and possible reasons for these difficulties. The overall aim is to explore the extent of the effect of working memory and to gain insights so that practical ways forward to enhance mathematics education can be identified. It was found that limited working memory capacity has a very strong influence on performance, confirming other studies. Indeed, if the cognitive load exceeds the capacity of working memory, understanding becomes a casualty, with consequent attitude deterioration. Students need to be able to see that mathematics has a purpose in being able to be applied to real-life situations. However, attempts to develop applications may often generate further working memory overload. Curricula devised by those outside the classroom can sometimes be inappropriate while topics causing the greatest problems at these ages and include areas of geometry, statistics and the applications of mathematics.
Difficulties in Learning in Mathematics
There are many studies which have identified areas of difficulty in the learning of mathematics at various levels (eg. Kouba et al., 1997; Lo & Watanabem, 1997; Lucangeli et al., 1998; Moss and Case, 1999; Tirosh, 2000; Watson and Moritz, 2000; Friel et al., 2001; Cramer et al., 2002; Kato et al., 2002; Harries & Suggate, 2006; Harries & Barmby, 2007) . This study seeks to look beyond the descriptions and explore some fundamental reasons for the problems, in an attempt to suggest practical ways forward to enhance mathematics education.
The difficulties in certain areas of mathematics are widespread and occur across cultures, curricula and methodologies. Therefore, it is unlikely that they are caused by the teachers. Firstly, mathematics curricula are rarely determined by practising teachers but are planned and designed by those who themselves are mathematicians and who are committed to mathematics. Inevitably, such curricula are designed around the logic of mathematics and the needs of those who will use or depend on mathematics later in life. All of this can result in material being included which poses problems for learners. Further problems can occur with assessment. Teachers do not decide national certification and yet teachers may be criticised if their students are not successful enough. This can lead to a dependence on the memorisation of procedures, understanding being a casualty.
Another major source of the problem lies in the nature of mathematics and learning (Tall, 2004) . Indeed, mathematics learning can be conceptualised in terms of four processes (Figure 1 ).
Figure 1. The Mathematics Tetrahedron
The work of Piaget (1963) has established that the young learner is trying to make sense of what is experienced. In mathematics, trying to master the processes and symbolism may well create enough pressure on limited working memory capacity. The learner cannot cope with concepts (understandings), procedures, symbolisms and applications all at the same time.
Adding on the 'making sense of' dimension will almost certainly generate overload and yet it is this dimension which is the natural way of learning. Ausubel (1968) talks of meaningful learning where what is understood is 'internalised'. This is critical but the limitations of working memory may make such understanding and internalisation very difficult. There are good arguments, therefore, for making the mathematics taught meaningful. There are also good arguments that this may prove very difficult.
The key has to be in establishing confidence and competence in the processes and symbolisms at one point in time and, later, adding on the understanding. In this way, the limitations imposed by working memory may be reduced. With the procedures more or less automated, enough working memory space is now available to think about their meaning and application.
Development of Attitudes towards Mathematics
Learners have often perceived mathematics as a difficult subject (Brown et al. 2008) . Mathematics is abstract and logical in nature and many concepts in mathematics cannot be explained easily in terms of physical representations or related to every day life. It is possible that mathematics is able to contribute to the all-round development of each student by offering understanding which will enable them to develop socially in the sense of being able contribute to society more effectively and being able to make sense of society more effectively. However, mathematics is often portrayed as being abstract and unrelated to life.
In many countries, many students do not enjoy school mathematics and seek to avoid it later (McLeod, 1994; Brown et al, 2008) . Attitudes tend to deteriorate with age simply because work becomes more demanding and also because, as the students get older, they may start to think that they will not need mathematics in the future. Indeed, negative attitudes towards mathematics are difficult to undo (Duffin & Simpson, 2000) .
Al-Ahmadi and Oraif (2009) looked at the idea of academic confidence and found it related almost exclusively to past success. This has enormous implications for mathematics. If the students see success as elusive, then it is not likely that attitudes will remain positive. If confidence is mostly related to examination success only and is not dependent on other factors, then examinations are almost doomed to consign certain students to the dustbin of failure and their confidence will be damaged.
While the demand of challenging tasks does not, of itself, necessarily generate a perception of difficulty, when a task is perceived as being so difficult that the effort is not justified by the rewards, attitudes seem to deteriorate (Reid & Yang, 2002; Reid & Skryabina, 2002) . Alhmali (2007) found that the perceptions of Libyan school students (ages 12-18) were that mathematics was not an easy subject, it was over-abstract, and the least enjoyable and least attractive part of school. In his results, 'polarisation' of views was quite remarkable: while some students 'loved' it, many students 'hated' it.
In a recent study, Jung and Reid (2009) found a relationship between attitudes towards the sciences and measured working memory capacity. Of even greater significance, they found that those with lower working memory capacities tended to rely more on memorisation while those with higher working memories were more reliant on understanding. However, both groups appeared to want to understand. Perhaps this offers the key: negative attitudes relate to failure to understand. The natural process is to seek to make sense of things. When this is impossible or the opportunities are denied them, then attitude problems will arise.
Teachers make a huge impact on learner attitudes (Ponte et al., 1991; Johnstone and Reid, 1981; Reid and Skrybina, 2002) and there is a remarkable relationship between the views and attitudes of the teachers and those of their students (Al-Enezi, 2004) . Brown et al. (2008) , working with a sample of over 1500 students in 17 schools in England, investigated student attitudes towards mathematics. These students were close to the moment of curriculum choice and the results showed that the main reason for opting out was perceived difficulty. However, the learners may be receiving external messages about difficulty and these may suggest that their future in mathematics may be a struggle. This may accelerate the feeling of being unable to understand mathematics (Matrhews & Pepper, 2005; Kyriacou and Goulding, 2006) . Ma and Kishore (1997) have brought many of the findings together by considering how all these influences generate identities relating to mathematics: 'low expectations create low attainment as much as they respond to it'. Matthews and Pepper (2005) note powerful reasons for not continuing with mathematics. These include lack of enjoyment and a belief that the subject is boring, for both high attaining as well as low attaining students. They also saw the perceived irrelevance to the real world as a factor. Indeed, at age 11-14, fun is a key aspect for students of effective mathematics learning (Nardi & Steward, 2003) .In England, a predominant reason for taking mathematics is to become a mathematician or to choose a career heavily dependent on mathematics while, in Scotland, the reason for taking mathematics at the upper end of secondary is that mathematics is seen as an integral part of overall education. Mathematics is very popular in Scotland at all levels, the reverse of England.
Experimental
The aim was to explore aspects of mathematics learning experiences in grades 5 to 7 (ages approximately 10-12) in both Urdu medium and English medium schools in Pakistan. This involved looking at student perceptions of their experiences, the nature of the difficulties they have with mathematics and possible reasons for these difficulties. To achieve this, a short survey was used with students in grades 5, 6 and 7, drawn for both language systems. This survey not only looked at the student perceptions related to their experiences in mathematics but also surveyed topic areas to see where they were having difficulties. For grade 5, working memory capacity was measured and their mathematics marks were gained.
Samples Used
Samples of students were drawn from a range of Urdu medium schools in the Lahore area of the country, reflecting a diversity of areas and social backgrounds. For English medium schools, two boys schools were selected. A list of all the aspects of mathematics was drawn up and questions were developed to explore these. Lists of topics in the mathematics curriculum for each year group for each language system were drawn up. The draft survey was considered by experienced mathematics teachers and minor amendments incorporated. The survey was translated into Urdu and the translation checked. The survey for grade 5, English medium, is shown in the appendix and used several question formats (Likert, 1932; Osgood et al., 1957; Reid, 2003) . The other surveys were identical except for the list of topics covered in question 9.
Measurement of Working Memory Capacity
To determine an individual's working memory capacity, the Figural Intersection Test, developed by Pascual-Leone (1970), was used. There are two sets of simple geometric shapes. The presentation set consists of a number of shapes separated from each other. The test set consists of the same shapes but overlapping, so that there exists a common area which is inside all the shapes of the presentation set. Altogether, there are 20 items in the test. The number of shapes varies from 2 to 8. The test is timed. Every item has to be completed in about 20-25 seconds. Its validity and reliability have been demonstrated by Elbanna (1986, 1989) .
The Effect of Working Memory
The working memory capacity of the grade 5 students was measured using the figural intersection test. The descriptive data are shown in Table 2 . Grade 5 students have an average age of about 10-11 years. Students of age 10 might be expected to have a mean working memory capacity of 4 and the results obtained here are consistent with this.
The working memory capacity measurements were correlated with the marks in mathematics (standard school examinations) using Pearson correlation. The results are shown in Table 3 . (Reid, 2009) . A value of 0.69 is unusually high indicating that about 50% of the variance in their mathematics marks is controlled by their working memory capacity. While correlation does not of itself imply causation, the work of Elbanna (1986, 1989) shows clearly that causation is involved. The effect of working memory capacity on mathematics performance is illustrated in Table 4 . It is clear that working memory capacity can make a very large difference in examination marks. Al-Ahmadi and Oraif (2009) used factor analysis to show that, while working memory capacity correlates with both recall and understanding, it is a very different factor. In other words, the test performance may be influenced strongly by working memory capacity and yet not reflect ability to remember or understand. Thus, students are being rewarded on the basis of a genetic feature (working memory capacity) which does not necessarily reflect ability in mathematics.
Survey Data Analysis
The survey offered a vast amount of data. The aim here is to discuss a little of the data where the information may be applicable well beyond the specific educational structure in Pakistan. To simplify the analysis here, it was noted that quite a number of the items in four of the questions [questions 1, 2, 3 and 5 (24 items in all)] how quite high intercorrelations (Kendall's Tau-b) with each other. The items in these four questions were never designed with any underlying structure in mind. Nonetheless, a factor analysis can offer insights to see if there is any underlying structure to explain these correlations. The data for the entire sample (N = 813) were considered using principal components analysis, with varimax rotation. 9 components accounted for 68% of the variance. Table 5 shows the items which had the highest loading on each of these factors (components), with the likely nature of these nine components. The identification of these components suggest the factors which may be critically important in influencing the development of positive (or negative) attitudes in relation to the learning of mathematics at school level at these ages. For simplicity, the student responses to these nine questions (which loaded most highly onto the nine factors) will be discussed and the data for the other questions left. Table 5 reveals that enjoyment and interest are very important in developing positive attitudes related to mathematics. It also suggests that a mathematics curriculum must be of appropriate difficulty: excessive difficulty may have powerful negative effects on attitudes. Two factors are particularly interesting: the memorising-understanding dimension and the perception of usefulness in daily life.
It has shown very clearly that understanding is what learners are seeking but, if the difficulties are too great, the learners have to resort to memorisation with concomitant attitude deterioration (Jung and Reid, 2009) . Examinations may have a very powerful effect here. The other factor of interest is the perception or otherwise of the usefulness of mathematics in daily life. This has been found to be critical in the sciences (Reid and Skryabina, 2002) and it seems important here also. It is relatively easy to in-troduce applications into syllabuses in biology, chemistry and physics at school level. It may be very much more demanding to achieve this in mathematics in that introducing another layer of thought will almost certainly overwhelm the working memory. This issue has been discussed by Al-Enezi (2008) and no easy solution is yet apparent.
Patterns of Responses and Age
The patterns of responses for the nine items are shown for Urdu medium schools for each of the three age groups. Data are shown as percentages for clarity but all statistical calculations use raw data. The response patterns are compared using chi-square as a contingency test (table 6). Three features stand out in the data. Firstly, grade 6 is responding in a very different way when compared to grades 5 and 7. As this sample is drawn from the same schools with the same teachers and the same resources and environment, the differences must be caused by the national curriculum in grade 6. This is simply too demanding. Secondly, there is some polarisation of views in many of the items: a significant proportion are opting for the two extreme positions. This is consistent with what Alhmali (2007) found in Libya with older school students. Thirdly, for the majority, views are very positive. This is encouraging. The patterns of responses for the nine items are shown for English medium schools for each of the three age groups. The response patterns are compared using chi-square as a contingency test (table 7) .
Responses tend to be positive and there are very few differences in the response patterns for the three age groups. Thus, it appears that the curriculum difficulties for grade 6 observed for Urdu medium schools are not repeated here, suggesting a more appropriate curriculum. However, there is some evidence of polarisation of views, suggesting a small minority who are negatively disposed towards mathematics.
Areas of Difficulty
The areas which showed the highest indication of difficulty for Urdu medium students are shown in table 10. In grade 5, many areas of perceived difficulty relate to geometry. In grade 6, six topics stand out. However, when comparing the response patterns of grade 6 to those of grades 5 and 7, more topics tended to be rated as difficult and the proportion of students seeing difficulty is very much higher. This confirms that that there is a major problem with the curriculum in year 6.
In grade 7, geometry features quite a bit in areas regarded as 'difficult' but the greatest problems lie in areas where mathematics is being applied to life: tax, inheritance, business. There may be two problems here Firstly, at this age, there will be a great lack of experience of such areas of life. However, secondly, teaching in these areas requires a mastery of the mathematics involved at the same time as its application in life. This may simply reflect overload of limited working memory capacity. The curriculum for Urdu medium schools is determined nationally but English medium schools develop their own curricula. The two English medium schools each had its own curriculum. Thus, the response patterns reflect the actual specific curricula in each of the schools. As with the Urdu medium schools, geometry features highly. Statistical themes also pose problems and, again, this is almost certainly a working memory problem. In statistics, there is the added complication of statistical samples and probability as well as the use of multiple ways of presentation.
Discussion
The factor analysis reveals a number of key factors worthy of further exploration. The whole issue of memorisation and understanding is vitally important in the development of positive attitudes. The natural process for human beings is to seek to understand (Piaget, 1963) . Jung and Reid (2009) have shown that where understanding is difficult due to working memory overloading, then the learner has to turn to memorisation and attitudes tend to deteriorate. This is a clear issue for mathematics. The goal of understanding must be stressed more if positive attitudes are to be retained.
Secondly, relating the mathematics studied to the lifestyle of the learner seems very important although ways to do this are not easy. There are two possible, and inter-related, ways forward:
(a) Using the ideas summarised in the mathematics tetrahedron (figure 1), ensure that the focus at the start is entirely on the procedures and representations. Once these have effectively been automated, the working memory is set free to consider conceptual understandings and then applications.
(b) Reduce the content covered, releasing time to develop such understandings and then to see how the mathematics learned can be applied
The correlation values obtained between performance in mathematics and working memory capacity reveal yet again the key role of limited working memory capacity in all learning, a point stressed eloquently by Kirschner et al. (2006) . Reid (2002) showed that, at least in terms of assessment, questions can be developed which do not place undue stress on the working memory. The questions are still demanding but the demand lies with the understanding of the mathematics, not the capacity of the individual's working memory. It is very clear that, in Pakistan, at this age, both the curriculum and the assessment appear to be placing the working memory under stress. This is a major issue needing addressed by curriculum planners and by those who set examinations. The situation with the Urdu curriculum and assessment is particularly a matter of concern.
Key Issues
 Working Memory Capacity is known to be an issue in all subject areas but is particular important in the maths-sciences areas of the curriculum (Hindal et al., 2009; Reid, 2009 ). In the sciences, successful ways forward have been described (Hussein and Reid, 2009) . It is essential that teaching and assessment in mathematics addresses this issue.  If the cognitive load exceeds the capacity of working memory, understanding becomes a casualty and the student has to resort to memorisation, with potential attitude deterioration (Jung and Reid, 2009 ). This may offer a key insight into why there are negative attitudes towards study in mathematics.
 Students need to be able to see that mathematics has a purpose in being able to be applied to real-life situations. However, attempts to develop applications may often generate working memory overload (see Al-Enezi, 2008) . The two related suggestions on reducing working memory overload by considering the mathematics tetrahedron and content reduction look fruitful ways forward.
 In the national curriculum used in Urdu schools, it is clear that the Grade 6 curriculum is inappropriate, probably too demanding. It is interesting to note that, in the English medium schools, mathematics teachers determine their own curriculum and they seem to be more successful in this task when compared to those who devised the national curriculum. Thus, it seems important that the development of mathematics curricula involves practicing teachers who know the reality of the classroom situation.
 Certain topics seem to be causing problems and these include areas of geometry, statistics and the applications of mathematics. This needs further exploration. It is likely that these topics are being introduced too early. This leads to two problems: too high a demand on working memory and a lack of life experience to appreciate the importance of the topics.
